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AT R M 3 75 AL T AR AL e hram b 4 4 5
T LA 2R BOFI DY 31 PP bl S8 3 52 G TR AL (1] 1,
Ge Wenchun et al. ,2007), X N&H T B4 K
FRTE A P s S T g s 2 U DU AR AR IR s
KeaT iz, 1 TERA h R A KAE T S EOR
PR AR T R AR A DX P v A AR
AR ERA 648548 (B V8D 5 RIE B A
BN B 246 8 T R DU VA
BEVERVES N T JC AR Y RIS — i R B AH 2 & Jm
Wix N3] A iF H (Luo Mingjiu et al., 1991; Ge
Wenchun et al. ,2007; Wang Chenghui et al. ,2009; Li
Lixing et al. ,2009; Yu Xiaofei et al. ,2012a,b;Fan Yu
et al. ,2014; Huang Fan et al. ,2014; Wang Yonglei et
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e A Zl(Liu Jun et al. ,2013), 24 X N e KA (1)
Mo Ji8 1.
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B M K A, Zhang Yong(2013) 43 B % iZ 8"
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Fig. 1 Schematic regional geological map of northeastern China

a) —ZR AL K Hu A 3 B (Wu Fuyuan et al. .2011) 5 (b)— A JL Y 244 15 B 5T (Guo Feng et al. .2009) 5 (o) —ZRALILIX $H 2 4B 0 IR 43 1 s
(Yu Xiaofei et al. ,2012b) s 1— K i HJZ 2 JClr )2 53— Rl AU 2 54— Mol A AR 2 55— AR U 2 56— B A QML 2 s 7— P R 1
Kl s 8— i K I s 9 M JOl A s 10— el AR N K A LI A RIE R IN K S 12 =/ L AERNKE: 13— =B KK A
U— =B bR E 15— R P LRI A 16— R P LA A 17— AL — R P 2 KA A 18Il 19— K 20— Wi 2
(a)—Tectonic subdivisions of northeastern China(after Wu Fuyuan et al. ,2011) ; (b)—main topographical units of northeastern China (after
Guo Feng et al. ,2009) ; (¢)—map of the regional geology and distribution of Mo deposits in the study area(after Yu Xiaofei et al. ,2012b) ;1—
Archaean; 2—Proterozoic; 3—Early Proterozoic; 4—Late Proterozoic; 5—Mesozoic; 6—Cenozoic; 7— Intermediate-acid volcanic rock; 8—
Intermediate volcanic rock; 9—Mafic volcanic rock; 10— Proterozoic granodiorite; 11—Palaeozoic granodiorite; 12— Triassic granodiorite; 13—
Triassic monzogranite; 14— Triassic granite; 15— Jurassic granodiorite; 16— Jurassic granite; 17— Cretaceous-Jurassic monzogranite; 18— city;

19—deposit; 20—fault

PRS0 5 R AL 153 TN K 25 18 TR G s R A 7 1 %
" Re-Os S AT 10 5 . RAF AL B IN K a5 1) LA- %,

ICP-MS #5457 U-Pb 4E#% 4 170. 91+0. 83 Ma, #%4H ,

W1 Re-Os 250 2R 4R 18 168. 042, 5 Ma, {HH i U DB U 5 M AL

HIEX AR KGR s, ERE L INDEBW 5K T AW BT AL T 2% 5 R 1L AR
FRLTE 1 X2 R 2 SR T ) R R0 e S A9 . AR S BB T A R b e i 20 B ER 4 (Yang Yanchen et
PR AP KA RN S s SIMS  al. ,2012), PN DL SR VAT - VT T 2y B 22 B
8541 U-Pb 4224 1 2 FORS 0 4= 60 i A i BE il | FHIE - A 00 LA 3 B — 4 PR VLI 28y B 5 4 K S0 B
I A A BR AL A s A R A HE A R E #9422 (&l 1b; Yin Bingchuan et al. ,1997), X N H
T 25 WF ST - R0 A R S R DR AE . X AN MR LB A, FEASE K A Tl Al AR R
S WS 0 PR A B ) B A A R s 2L A B AR . o 1 R AR Oyl T B R A

BT S 38 AT Oy XA it A B AT A BEORL
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AR B 5 PG A0 ) AR B4 A S 3t B 14 B o T
DBl TR 32 Al 42 2 8 R 3t L L R AR AR R TR Bl
2 — [k N 38 10/ FH (Ren Jishun et al. , 1990; Ge
Wenchun,1996; Liu Jianming et al. , 2001), £ H#j
WY B2 M 3 15 3l B B0 1 X F 2 A A i 3 LT
ZRE AN 2 0 K i By STl AR B A
A AR LT &R 91 D) R oty A AR — v AR AR A
(Davis et al. ,2001; Wu Fuyuan et al. ,2005), X
WE KSR AL A S TR 2 A A RS54
JorP R YE R RRYEAE R A KR O R L UL S
H i gl f by iR AN PR R 3 SR L M R
FITRIE .
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L JZ SR B e B K A e O BE OB Y )
I T S 19 Qi [ R I N U £ e o 3 U\
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Fig. 2 Geological sketch of the Jidetun molybdenum
deposit in Jilin Province(after Zhang Yong,2013)

MR B A 1 5L 7] 310°~320°, 1 JL AR, Biffy 70°
~80°. Wr R R AR HME R Z WIS sh i As s, RA
Ao A )z R A B Z R AR
fiE . ARAERN I 0 =B BE A e B AR R N
TRAERAEMAORE KA, KPS TR BIRA
HEHRH KRB HY) . Zhang Yong(2013) 43 5
XA PR 09 35 0 VR AL 1 TN B9 T8 i A
AR HEAT TN E L 3R A U T AR B
170. 940.8 Ma #1 165. 9+1.2 Ma, B & 3 EIRKfF
TAER N A AR AE R e o B — A i
ERUZARAFBEA G (B 3) i K7 i

Zk311 6 ICD

B3 AR AR 3 5 B 5T T ] () Zhang Yong,2013)
Fig. 3 Geological cross section along No. 3 exploration line of the Jidetun molybdenum deposit in Jilin Province
(after Zhang Yong,2013)
1Pl IBEIR AL s 2 AR R N 53— IR 54— ST 2 55— 30 30 L 4% 56— B AL Rt 55 7— B I8 K 5

1— Altered monzonite porphyry;2—granodiorite; 3—orebody;4—fault; 5—geological boundary;

6—drilling and drilling number;7—tunnel and tunnel number
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BT . K 1300 m 582y 1210 m, 7 14 o R JE 2
B R 29 420 o, [ 9 00 300 950 52 AL L AR S LS
WA R AL, B o OGR4 12
0. 087 % (Shi Zhiyuan et al. ,2010),

A SCE W IR 141 98 — KA (JDT-N, R A
ALE AN 2 B ) #E47 SIMS f5 41 U-Pb 4 % i) i
TE LR S R A DL b HE A AL R R AR i o i A1
P KA 8 O CEA R KE — KA BALBRER 2
L HOR M . EEEE T YR A (4006 ~
45%0) A B0 2% ~15%) Bl K A (3026 ~35%)
B BEGY ~10%) , @I 2 2 A5G 45 A fE ek
WA K A7 5 A 95 B O T TE 6, BB RLIR
A RLEE R 0.5~3 mm, RHS AT AT ILER XA A
IR G50 MR AR RLBE SN 1~3.5 mm, BRPER A
HOIR s A5 RO BT DL, 22 5 K A2 kG Ak, R BE Oy
0.5~4.5 mm,EPHAHLE L. 5~2.5 mm, B bk,
FAR R — R R R A AE 1.5~
2 mm, F53hAE Ry e A BT S R Y .

2 b ik

A7 Y& TAE R B R ARG 110 P e AR TE R
Yy s BFHG AR B M5 AR A Al e . 1 S Ik A
FE VRO T B AR & 80 H il i F ) R
TR 4 eI AE S E B2 F Phati . PRI Y B A B0RL B
AU B R A R 2w i) iR AR IR A AL . JF
XoF B AR il R AT 7 SO L RS O AR ¢ S BEA
B A1 B BA AR K O P A% R TR R 7 b a5t B iR 50 A
PR ) 58 B B A1 1Y A O 35 5 't R840 4 A v
] o R A (b ) B 8 o R S 36 2 58 il

SIMS f 1 U-Pb & 47 v 6 B} o7 Be b 5 5 3
R AT I it CAMECA IMS-1280 — K B + Ji %
fCCSIMS) b JE 47, 413 #r J5 35 WL Li Xianhua et
al. (2009) . f&IRUNT < 15 5 FH L A B e 0 2 42
ARGy 3k W B A B B A RE OB A B A AR AR
Plésovice(Slama et al. ,2008) I 3L & &5 4 T /EFR
# Qinghu(Li Xianhua et al. , 2009) %4 L 75 31 & &
NEHE b, AR5 W O 1 bR 82— R . X B A AT
375 S 60 S O B CHEORE D K BRI AR e 6 AR 3 B
T By gk £ E E M . FEREBTE R S TS
LE ot . B AbnkE S A DL 1 s 3 [l 50
M5, U-Th-Pb R £ o 1H H b5 #E 4 4 Plésovice
(337 Ma,Sldma et al. ,2008) £ 1E 3k 4%, U % 5k
FRUEEE A 91500(U=81X10"%, Wiedenbeck et al. ,
1995) B AR AT o LA H W 0 A HE A o R A5 A9 B 2 v

22 (1SD=1.5%,Li Qiuli et al. ,2010) F1 B4 &5 0 iz
PN B T ) £ 3 A B i B RER 22, DAARUERE b
Qinghu(159. 5 Ma, Li Xianhua et al. ,2009) E b &
SRR M 0 5040 0 o . 5l PR I R S
“PbiE. T4 AEE P R BE
i Pb F 2RI TR B iy AR Pb i gy,
LA HE 52 19 ~F- 24 Pb [ fi 3 41 i (Stacey et al. ,
1975)F g ¥ 38 Pb 41 #EAT AL IE . R 67 & U AH )
FIIRZEBI N 1 oo B SER AP R A ISOPLOT
Bt

G o o KW 4 e 2 A b E
R e E ) E R SR E S M. FRITE R X
S ¢ 6 Ot 3% B I sE , Wk {X #F i Panalytical
Axios XRF, fh iR % #§ 4 #% : Thermo X-series
1T ICP-MS, # 47 i 2 70 2 i AR A 18 ] [ B GSR-
14, MmN AR S Rh #l Re, I3 £ 4 1% 22 RSD
<5%.

HE[) 437 28 W0 32 20 7 A vb ) 3 3 B 2 B 4 7 98
5T B MC-ICP-MS 52 55 % 5¢ il BT A 2
Finnigan Neptune % MC-ICP-MS kK 5 Z il & /)
Newwave UP 213 ORI M R G, BOGR M H AR
P A0 KNS TA] o 2R Y 55pm 8 40pm, I 7 £ 7]
B0 FE BRFRAE GI1 I Plesovice 1F 25 % W) it . 23 Br
5 U-Pb @ 450 M s o o] — A0 8 . AL SR s 1T
£ R BEH o T AR W Hou Kejun et al. (2007),
ATl S A bR UE GI1 YT HE/TT HE I i A
SER{E 43 H) M 0. 282007 4 0. 000007 (26, n=36),
53Tk 3R 18 {5 (Morel et al. , 2008; Hou Kejun et
al. ,2007) 7E 4R 22 Y Bl N 58 4 — B, HE 35 R
Wu Fuyuan(2007) 35 .

enr (0) = {C" HI/ HD /" HI/'™ HD cnur.o
—1}X10000;

e (1) = [{ " HE/"" HE)s — (""" Lu/"" Hf)s X
=D/ {C™HI/ " HD cnureo — C Lu/"" HD chur
X (e —=1)} —1]X10000;

Srwme=C"Lu/""HD s/ Lu/" HD cnor — 15

ton = 1/An (1 + {7 HE/' Hf)g — ('7° Hi/
YTHD py /A CP L/ HD s — (T Lu/" " H pu ) 5
S/ S fom) ) o

Horr, (" Lu/""HDs MICTHI/THD s A G
ITEAE » f e S 0 fon 23 501 SR R Il 5 A ot A5 451
HolB I fromee 7 Lu/" HD cgor = 0. 0332, (70 HI/
YTHE ) cnur.o = 0.282772 ( Blichert-Toft et al. ,
1997), f.. = — 0. 55 (Griffin et al. , 2002), fou =

fovz = towvn — (Eown
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Fig. 4

Microphotographs of the Jidetun quartz monzonite in Jilin Province(crossed polarized light)

Bi— R A8 PR A QA 0 KK A
Bi—Biotite; Pl-—plagioclase; Q—quartz; Kf—k-feldspar

160.5+5.0

162.8+10.1 160.7£4.7 o

159.7+2.3 1582425 161.5+1.4 159.0£1.2 162.5+2.5
'161,313_3 157.9+5.9 159.4+16.7 159.0+3.5

158.6+5.6

m 160.7+0.5
100M Ma

Bl5 bl T 2 T ROA R R A ZOL KR

Fig. 5

0. 16 (Griffin et al. , 2000), ¢ J#EFHIE BT ] A=
1+ 867X10 "a '(Soderlundetal. ,2004),
3 PkZh R
3.1 SRS

A7 9 TACE AR S A I R O (CL) B (&
SYWBIRN o AR AT X B A DN ER A A R AT T A 5%
G AT R TE B A R T AR A1 AR I 1Y B AR IS (Vavra,
1996;Zheng Wei et al. ,2013,2015), X & ike A
DR AR A AR RO KT AR EZ N
0.06~0. 18 mm, g iR K SE Ny 1~3. B WL
PG AE 22 5 VE W 1 41 32 By AR A PR 4 AL L Dy AR
i B A
3.2 SIMS $5H U-Pb ik

A9 Z K JDT-N H i iy SIMS 547 U-Pb il
LR ILR 1. AR 48 EHE i U-Pb 3 # & DL R
K HIP° Ph/%5 U AR SE AT AP {8 550 00 48 1% 14

Representative cathodoluminescence(CL)images of zircons from the Jidetun quartz monzonite in Jilin Province

L 6. APk T 15 Rk A, b 715
Ao M8 TR R R R B A R K 2 8 T
WU A R BT B L 9 HLJE bk T R SO AL R Y
BB

R R AR AL U Th 585
Th/U WAEWA T AR . — MG T AR AW
Th.U & ##.Th/U>0.5,H U fl Th Z[HEA
BI04 TE A DG 6 2 5 T A8 B R 85 A i ThoU & &
5. H Th/U<C0. 1 (Hoskin et al. .2000), % (¥
wHE A Th/U £ rh i T 0.3 ~0.7 Z A
(Belousova et al. ,2002), ZRKRFAE AN U &
A 40X 10 °~1222 X 10 *HyaRE M. Th &
HAARTE 19X10 °~762 X 10 °*Z A, Th/U A+ F
0.28~0.66 Z [a], W7~ T M7 R 5 R4S A R AR
(Hoskin et al. ,2000) . Frf il & f*° Pb/* U 4F %
WA AR R L TERS AP Ph/# U Ph/# U i I A
FCENTREE - DBUNIEE N X —FRE R P
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Table 1 SIMS zircon U-Pb geochronology results for the Jidetun quartz monzonite in Jilin Province
U ™ [ 2K e {E A (Ma)
Wi (ppm) | (ppm) Th/U| 27Pb/ I 207Ph/ I 206Ph/ P L U £l IR ol I
206 Pb 235 U 238 U I)bZUKS UZSu U238

JDT-N-1| 501 266 0.53 | 0.05103 |0.000276|0.175857|0.002489 |0. 025077 | 0. 000372 |242.7| 13.0 |164.5| 2.1 |159.7] 2.3
JDT-N-2 | 563 244 1 0.43 | 0.05085 |0.000301|0.174132]0.002824|0.024847|0.000393|235.3| 17.6 |163.0| 2.4 |158.2| 2.5
JDT-N-3 | 894 253 0.28 | 0.05197 |0.000216|0.181648|0.001670|0.025371{0.000229 |283.4| 9.3 |169.5| 1.4 |161.5| 1.4
JDT-N-4 | 345 124 0.36 | 0.05052 |0.000289|0.173873|0.001563|0. 024977 |0.000187 |220.4| 13.0 |162.8| 1.4 |159.0| 1.2
JDT-N-5 | 375 169 | 0.45 | 0.05019 |0.000273|0.176638|0.002887|0. 025526 |0.000393|211.2| 13.0 |165.2| 2.5 |162.5] 2.5
JDT-N-6 | 413 165 | 0.40 | 0.05073 |0.000396 |0.176630 |0. 005958 |0.025217|0.000798|227.8| 23.1 |165.2| 5.1 [160.5| 5.0
JDT-N-7 | 154 45 0.29 | 0.05244 10.000513|0.182447|0.003916 | 0. 025332 ]0.000521|305.6| 22.2 |170.2| 3.4 |161.3] 3.3
JDT-N-8 40 19 0.49 | 0.05446 [0.001748|0.186380|0.009223|0. 024800 |0.000942|390.8| 72.2 |173.5| 7.9 |157.9]5.9
JDT-N-9 | 117 44 0.37 | 0.05000 |0.002074|0.174508|0.021433|0. 025032 |0. 002656 |194.5| 96.3 |163.3| 18.5 |159.4|16.7
JDT-N-10| 98 44 0.45 | 0.05327 [0.000762|0.183735|0.005005|0. 024973 ]0.000557 |338.9| 31.5 |171.3| 4.3 |159.0] 3.5
JDT-N-11| 67 41 0.61 | 0.05248 [0.002677|0.184299|0.014588|0. 025580 |0.001683|305.6|114.8|171.8| 12.5 |162.8|10.6
JDT-N-12| 216 112 0.52 | 0.05195 [0.001207|0.178866|0.006408 |0. 025043 |0.001006 | 283.4| 58.3 |167.1| 5.5 |159.4] 6.3
JDT-N-13| 316 134 | 0.42 | 0.05396 |0.000461|0.187871|0.001758|0. 025244 |0.000081 |368.6| 18.5 |174.8| 1.5 |160.7] 0.5
JDT-N-14| 280 185 0.66 | 0.05119 {0.001179]0.175691|0.007453|0. 024904 |0.000893|250.1| 53.7 |164.3| 6.4 |158.6| 5.6
JDT-N-15| 1222 762 0.62 | 0.05235 [0.001547|0.181982|0.005890 |0. 025241 |0.000740]301.9| 68.5 |169.8| 5.1 |160.7| 4.7
A1 HY U-Pb R 28 B A LR A5 B IR 25 il I 4 25 51 1Y (A/CNK)SF 0. 97~0. 98, 73 St 4 4 DI=77. 62~

AIAE BE B s AT B4R R Y 160. 48 &
0.82Ma(MSWD=0. 32; [f 6), 4544 CL E#&
FICRFFAE BT X — AR T 78 X 1 45 i 4R
1% UL Ry th R A AR ATE SR .
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Fig. 6

O B A 3 KA 1R SIMS #5471 U-Pb i &l
SIMS zircon U-Pb concordia diadiagram for the
quartz monzonite from the Jidetun molybdenum

deposit in Jilin Province

3.3 BRI FAFAE

TR MERAL A B RS TR 2, AR KRS
) SiO, & & 7 67.72% ~ 70.84% = [a], F ¥y
68.70% . AL O, &N 14.26% ~15.68% , K, O+
Na,O &84 F 7.23% ~7.95% ., F ¥k 7.53%,
K,O/Na,O=0. 72~0. 97,554 0. 85, 4811 FI 45 ¥k

82. 53,3 79. 86, £ K,O-SiO, K I (& 7a)
VBT TE E A A RE R A X S, FE A/NK-A/CNK
I F (L 7b) Y3 e e 5R By LN .

TE 5 b2 A v b Tk i T R Ik R 1L (T 8a) I
ARZKAERREERE FRAILE (LILE), @
Rb. Th UK E X XEHEHBWES®: &
Y5t R (HFSE) , Wl Nb, Ta. P, Ti %70 K H L ¥
B 50 Rl B A A K R 2E R AE AR B
(Liégeois et al. , 1998), £ 3 K & K - 85
(SREE) 3 85.18 X 10 °~139.70 X 10 %, F 3
120.3X 10 %, LREE/HREE = 7. 05 ~ 18. 77, (La/
Yb)y=6.39~32. 34, BnfE ER 0K IEAIEH
B, W ERM Lot R. 7EM T oo R BRORL B A7 AR UE
1k 1E i (1L 8b) I il 4k 522 BAR DL A9 A i 7Y, LA 55
H%H 5% (SEu 2 0. 68~0. 9),

3.4 HAHIENR

X540 U-Pb 42 8% i 47 0l )5 . 78 35 4 45 18
Br sl PR AL LEAT T HIE [® A7 R 387 40 A 45 2R L
3, BEBEHT. 80 HI & EKRE GEWE
0.5~2% Z @), M Lu/Hf FH 1R A% Gl % /N T
0.002), H1 '™ Lu 748 7 Az {170 HE B /D #5002 1Y
TOHE/TTHE WA T I R R B HI [F]
i ZH B (Amelin et al. ,1999), #: & JDT-N K
A3 ST L/ HE FEE KT 0,002, W] 4
REHE AL UG BB s A HE BRER + 0 f
B o PRIOE, e i9'7° Lu/'" HE E{E Rl 488 47 1 S B
FOE Bt 78 o HE W47 2 /9 20 BURFAE



%05 M HIRFLE  HRE LT X A%

T KA SIMS g5 47 U-Pb 454t 2%

K2 EMESFTERTAE_KEFHNEE (%) HME
MBELITE(X107°) AR
Table 2 Major( %) ,trace( X107 °)and REE( X107¢)

compositions of the Jidetun quartz monzonite in Jilin Province

¥S  JDT-JK1JDT-JK7|JDT-W1|JDT-B3 | JDT-B4 | IDT-B7
Si0; 68.07 | 67.72 | 68.59 | 68.76 | 68.23 | 70.84
TiO; 0.45 | 0.41 0.41 | 0.47 | 0.50 0.46
Al Oy 15.06 | 15.48 | 14.98 | 15.35 | 15.68 | 14.26
TFe, Oy 4.09 | 3.77 | 3.76 | 3.21 3.23 3.20
MnO 0.14 | 0.13 | 0.13 | 0.12 | 0.11 0.11
MgO .21 1.13 1.13 | 0.69 | 0.72 0. 67
CaO 3.00 | 3.11 2.94 | 2.66 | 2.67 2.46
Na, O 3.76 | 3.97 | 3.76 | 4.52 | 4.43 4.08
K.O 3.61 3.50 | 3.63 | 3.27 | 3.52 3.15
P, 05 0.14 | 0.12 | 0.12 | 0.15 | 0.16 0.15
LOI 0.38 | 0.44 | 0.38 | 0.56 | 0.38 0. 32
sy 99.91 | 99.78 | 99.83 | 99.76 | 99.63 | 99.70
Li 27.24 | 28.64 | 30.98 | 57.24 | 53.36 | 52.68
Sc 3.19 | 3.37 | 3.05 | 6.60 | 6.75 6.32
\% 31.56 | 33.11 | 31.87 | 37.45 | 37.25 | 33.10
Cr 5.31 7.97 | 15.10 | 18.90 | 11.61 | 16.34
Co 5.00 | 4.74 | 4.72 | 8.73 | 7.10 6.98
Ni 2.44 | 4.49 | 2.61 | 4.88 | 2.23 3.98
Cu 4.43 | 877 | 9.19 | 5.51 3.83 4.06
Zn 51.29 | 75.01 | 62.23 | 35.30 | 40.17 | 41.45
Ga 22.96 | 22.84 | 21.92 | 19.20 | 19.77 | 18.27
Rb 101.40 | 103.56 | 113.02 | 163. 06 | 155. 48 | 151. 30
Sr 426.60 | 435.62 | 400. 26 | 273. 35 | 289. 56 | 265. 06
Y 8. 61 8.04 | 7.86 | 18.01 | 17.43 | 16.52
Zr 133.15 | 152.06 | 132.15 | 129. 59 | 111. 66 | 102. 52
Nb 8.40 | 8.36 | 8.04 | 8.54 | 8.33 7.74
Cs 2.85 | 2.79 | 3.53 | 14.44 | 12.60 | 14.18
Ba 528.10 | 716.15 | 561.92 | 419. 02 | 379. 44 | 410. 47
La 29.61 | 31.65 | 26.84 | 24.04 | 27.11 | 16.13
Ce 58.67 | 62.57 | 53.44 | 48.72 | 53.93 | 33.85
Pr 7.29 | 7.63 | 6.76 | 6.10 | 6.58 4. 47
Nd 24.34 | 25.40 | 22.96 | 20.50 | 21.68 | 15.77
Sm 4.29 | 4.24 | 4.17 | 4.18 | 4.28 3.54
Eu 1.05 1.13 1.03 | 0.86 | 0.89 0. 84
Gd 3.08 | 3.14 | 2.98 | 3.35 | 3.43 2. 83
Th 0.33 | 0.32 | 0.32 | 0.47 | 0.47 0.41
Dy 1. 86 1.68 1.71 3.23 | 3.23 2.95
Ho 0. 29 0. 28 0.28 0.61 0.59 0.55
Er 0.75 | 0.73 | 0.71 1.63 1. 60 1.51
Tm 0.11 | 0.10 | 0.10 | 0.27 | 0.26 0.25
Yb 0.74 | 0.70 | 0.70 | 1.89 1. 86 1.81
Lu 0.11 0.10 | 0.10 | 0.28 | 0.27 0.27
HI 5.08 | 5.55 | 5.04 | 5.25 | 4.51 4.29
Ta 0.86 | 0.85 | 0.95 1.45 1. 46 1.48
Pb 17.39 | 25.48 | 15.83 | 19.35 | 18.90 | 24.68
Th 9.55 | 9.47 | 8.75 | 15.62 | 14.38 | 11.38
U 2.37 | 2.34 | 4.25 | 7.67 | 7.20 4.73
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Fig. 7 K,O versus SiO, and A/CNK versus A/NK plot for
representative samples of the Jidetun quartz monzonite in

Jilin Province(after Rickwood.1989;Peccerillo et al. ,1976)
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Fig. 8 Primitive mantle-normalized trace element patterns and chondrite-normalized REE patterns
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diagrams of the Jidetun quartz monzonite in Jilin Province(after Sun et al. ,1989)
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Fig. 9 Zircon tpy, and Hf isotopic compositions of the quartz monzonite from the Jidetun deposit in Jilin Province
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Table 3 Zircon Hf isotope data of the Jidetun quartz monzonite in Jilin Province

FE b t(Ma) | 6Yb/YTHE | YSLu/YTHE | YSH{/VTHI 20 ATHE/YTHD: | frome | enr(0) | enr(0) |tpw (Ma) | tpme (Ma)
JDT-N-1 161 0.024232 0. 000477 0. 282875 0. 000019 0. 282874 —0.99 3.7 7.1 527 751
JDT-N-2 161 0. 034525 0.000684 0. 282913 0.000022 0.282911 —0.98 5.0 8.4 477 668
JDT-N-3 161 0. 039902 0. 000788 0. 282862 0. 000025 0. 282860 —0.98 3.2 6.6 550 783
JDT-N-4 | 161 0.039318 0. 000765 0. 282901 0. 000024 0. 282898 —0.98 4.6 8.0 495 695
JDT-N-5 161 0. 035095 0. 000746 0. 282817 0. 000024 0.282814 —0.98 1.6 5.0 613 885
JDT-N-6 161 0.041364 0.000793 0. 282884 0. 000029 0.282882 —0.98 4.0 7.4 518 733
JDT-N-7 161 0. 040729 0. 000796 0. 282788 0. 000031 0. 282786 —0.98 0.6 4.0 654 950
JDT-N-8 | 161 0.036183 0.000722 0. 282932 0.000023 0. 282930 —0.98 5.6 9.1 451 625
JDT-N-9 161 0.025309 0. 000493 0. 282862 0.000028 0. 282860 —0.99 3.2 6.7 546 782
JDT-N-10| 161 0. 045925 0. 000875 0.282903 0. 000027 0. 282900 —0.97 4.6 8.1 493 692
JDT-N-11| 161 0. 025086 0. 000504 0. 282867 0. 000023 0. 282865 —0.98 3.4 6.8 539 770
JDT-N-12 | 161 0. 040326 0.000772 0. 282877 0.000021 0. 282875 —0.98 3.7 7.2 528 748
JDT-N-13 | 161 0. 047935 0. 000866 0. 282879 0. 000026 0. 282877 —0.97 3.8 7.2 526 745
JDT-N-14 | 161 0. 043049 0. 000816 0.282893 0. 000019 0.282891 —0.98 4.3 7.7 506 712
JDT-N-15| 161 0. 038045 0. 000706 0. 282864 0. 000018 0. 282861 —0.98 3.2 6.7 546 779

BT IR AE R /N DS WK T A WS B A
PBE S R IR Y SR ARS8 B NI B o & & LA
TR EERHRE AN H N SRR NK S AL
BB AH 0 K . Zhang Yong (2013) % Z& i ofi 4H
W IRAE X1 BT A i 47 T LA-ICP-MS 5 1 U-Pb 4

RAABEFT . S5 R R 5 0 A L AL X N KA T
BF G A 170. 940, 8 Ma, #E4H ™ Re-Os 5 i 28 4F %
S 168.0E£2.5 Ma, ARG AT K5 SIMS &
A U-Pb 4E i 160. 48 £0. 82 Ma, i I af %0, =
PR BH IR 32 B A8 P 5 S Bl s R R



%05 M HRFLF  FHRE LT X A3 KA SIMS #07 U-Pb 4402 R Al 27 Rk T R R 925

YR A T ook B, a6 3 KR Be £ it ] 2 10
Ma, [H ., J8 5 2= Al i 5 X e i 4 e 371 an
TAE 171 Ma A fE | IN K s fL T RAERK H =R A
HMEREBEA T 1161 Ma £ 47 A o K&
R BUEVERE F-45 5
4.2 EAMEER

A6 543 R 28 TR 1) ) R AR K R R B Y
FER 1) 22—, FLUE A K 5 BEA5 A0 W) 2H A
BRACZERHAE SR LR 5 0BT . H AT FH R A8 X5 5 B A
T EZH Chappell et al. (1974) # H 19 I-S-A-
M U5 J5 %6t M BLA Sk /0 L PR o 8% R A
PR R R E oy S A T AR A B, BT 4
BAFAE b EH A A B AN A B
BN R T bR = R R ANAE 5 A ST Y b
i (Miller, 1985; Wu Fuyuan et al. , 2007) , Jiij £ 3%
TRAA TR A B IX s M A B ) BT ) A B
DLFIA] . HskAb 2k 7w, A o Ko KO &
HH/NF Na, O i, WoR TR A RRAE, P, O;
N 0.1206~0.16% Bl B AN F S BIAE 5 4 &
HA®BER P,O; & (>0.20% ; Chappell, 1999)
MIRFAIE . o3 Ah. 5548 Fi 48 0 A/CNK i F 0. 97 ~
0.98 Z [a], th A [f] F B A S B AL 5§ 2 (1) b
(>1.1;Chappell et al. ,1974,1992), £ TE
BB A KA EA R ERN Nb Ti,P fi 7
HLMA LRI/ F R R VER L TR A
SHE.BAWEERH L TER, BA 5 A Eu
Sei L AR TRIE R AL, 78 Zr-SiO, (& 10a)
F Ce-SiO, ([ 10b) Hhy Bk Ak 2= ) 5] B g b i 7 H:
R IR A . G, EfE e TR AR T
PRAT R T A6 B A
4.3 ARER

6 54 5 14 A REAE AT A 25 3% A T 1 A
KIEE . MEAKNE &7 TR AWK &K E—
JERLE B A2 A0 B T S s O R I S MR, 2
25 b Hb SR FE R A S S5 A 1 5 i g 55 TR IR % L
SN IR X M. A3 KA ) Nb/Ta o fE
Hg5.24~9.86,5 Li Tong(1976) il [ s 5% - 34
L (10. 00) AH 3T » 35 B2 o 1A AT RE hy b 7 6 il 1) 7
Y. (R T ER Wb s bR o A A% (B 8a) R L 2
A KA E L U Th.Ba % KB FE A1 7T
.58 Nb.Ta, Ti fil P & mmocER, Hd P Al
Ti PR AR ATREE D TR B KA . A
N5 PUTE I 0 43 25 45 b

B ARG B A A PR L T P I

 HAT AL RE ) 38, A E 2 U-Pb [F] fi 5 & 4 /Y &
SEXE G W) ip 2 HE [6) 62 R 3 0 (0 SRAR ™). oF
FER I AN [ 3t 3R A 2 At DR O HL/TTHL [ R
AR SR AN TR] < 5 45 b 0 R OB 5 A Ry HLE/TT HE
FEAH B R (0. 282772) vene (O {E N IE (R s M0 5€ S g
e A BN HE/TTHL HO AR Hoen (O R FUE
(Vervoort et al. ,1996; Wu Fuyuan et al. , 2007),
AP AGE T HE/TTHL HAE R T ERORL B A
(=0. 282772) ,F-3{H Ky 0. 282872, en (1) K IEAH
AT 4.02~9. 11,2 N 7. 08, KB H A Wy
JREERE TR, 76 e (O~ A7 HI/ HE B
fift (1D Fen (O BIEAERRBL A Bk 2 1. B
SR R R A KA R B B HE B4R R
h 625~950 Ma, F-HJ{E K 755 Ma., B I8 X ¥ it
F2 A el AR T A5 M 1 A B AR R T s e W)
Bto H 5 O L AR AR A IR T fBL TE e
(O VA KA ton B AR 18D AR 2 Ay 2 il A i
i e 8 A Y5 AR A 0 BTN A 25 2R (Jahin et al.
2000; Kovalenko et al. ,2004;Liu Jun et al. ,2014),
0 R S8 L R R B SH AT IR B8 B A ens (o) 23531
4.5~9.17.5.7~10.9 F1 4. 4~7. 1, Hf #0413 4
A AE 400~ 600 Ma(Zhou Lingli et al. ,2014) ;
JEE NS AU B R IR B BE A AR e (0O 9 1.0~4. 0,
Hf # zC4F 8 868 ~ 1033 Ma(Hu Xinlu et al. ,
2014) 5 P ARAY L BE 2 4RO IR 1 KR 1 A BE A R
ens (1) H 6.2~11. 6, Hf #LEW N 473~ 826 Ma
(Zhou Lingli et al. ,2013) s 75 1LV BE 2 40 2 B 19 46
BBEA R en (0O H 5.5~9. 2, HI B4R Hy 616~
820 Ma(Zeng Qingdong et al. . 2015) ; 3 i £H 4 5™
PR BB K 78 b R K A e B DL R RS A
KB A0 enc (D435 6.8~8.4.6.7~7.8 Fll 5.8
~8. 4, Hf BizUAEW N 579~670 Ma,616~680 Ma
1 578 ~721 Ma(Zhang Cheng et al. ,2013) ; ¥ 75
AT R B A8 B A 1 e (02 4. 5~10. 0, H £
FAEWR H 552~903 Ma(Shu Qihai et al. ,2014) , {4
BRI EERN en (O R 7.3~11. 6, HI B4R
K 470~720 Ma(Sui Zhenmin et al. ,2007), Z&
i s “RKROA AR fLon B T —0.99~—0. 97
Z I (R — 0. 98 /N T REFR B FE Y f (L
—0.72(Vervoort et al, 1996) FEE 8k i #7818 fro e
i —0. 34(Amelin et al,2000) , & It P B BB =X 4F
B SR 1 2 o VAR £ 95 X T DA 5 45 3t e Al IR
[ g HE I X ) o7 e 1) - S 7 B AR D
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EHUAERNK G KRG E DAk
EAAE KA E R R A X A R 2 5
BB BT R AR A e R AR T BAE R s, AR
LT3 Bl R Bl 3 4 4B X0 A 1Y A A 4 A R AE (Sui
Zhenmin et al. ,2007), HEARKIPEMILLET
TV T OB AR T — 25 9% — ™ 1 H
Fr Pl 130 Ma & &5 0% (Tu Guangzhi et al. , 1983;
Chen Yanjing et al. ,1992; Hu Shouxi et al. ,1997;
Mao Jingwen et al. ,2000), Z5& WM FED 54

LR i A QB A 38 PR BT L X S8 T2 A A AR B 4
VAR il N e i [ U AN [ R R 545 )
SN B 7 (Sun Deyou et al., 2005; Zeng
Qingdong et al. , 2010, 2011; Sun Jinggui et al. ,
2012) . FEGHT XN ALK BUS AW R EER
B FOEAICR LREE FIAAHZ TR A0 75 5 i
SRICER 5 Mo 5 0R 4 P AR G 1 o 2R 1 BR AL 27
fIE (Gill, 1981 ; Thirwall et al. ,1994), F i £ 201
U R M & 2 B8 A B i B B (Pearce et al.
1984) . 19 “ KRG I A FEARAE Y-Nb &I i 2 35052
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Fig. 12 Tectonic setting discrimination diagram of Jidetun quartz monzonite in Jilin Province(after Pearce et al. ,1984)
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Abstract

The Jide molybdenum deposit in Jilin Province is a newly discovered large-scale porphyry-type
molybdenum deposit located in the metallogenic belt of the Lesser Xing an Zhangguangcai Range in
northeast China. Quartz monzonite was selected as the study objective to carry out detailed pertrogenetic
investigation using geochemical analysis,in situ zircon U-Pb dating and Hf isotopic analysis for the first
time. Fifteen zircons were collected from the JDT-N sample. In situ zircon U-Pb dating yielded a weighted
mean “Pb/**U age of 160. 48 £+ 0. 82 Ma(n=15, MSWD=0. 32). Combined with the previous data,
rock-forming and mineralization ages of the Jidetun porphyry Mo deposit are restricted within Middle
Jurassic (170.9~160.5 Ma), i. e. early Yanshannian period of Mesozoic. The Jidetun quartz monzonite
has SiO, and Al, O, contents of 67. 72% ~70. 84 % and 14. 26 % ~15. 68% , respectively, with the alkali
(K, O-+Na, O)content ranges from 7.23% to 7.95%, K,O/Na,O ratios from 0. 72 to 0. 97 and aluminum
index(A/CNK) of 0. 97~0. 98, suggesting that it belongs to the high-K calc-alkaline series I-type granite.
The quartz monzonite is also characterized by intense fractionation between LREE and HREE(Lay/Yby=
6.39~32. 34), with weak negative Eu anomalies(dEu=0. 68~0. 9). The trace element analyses show
clear fractionation between HFSE and LILE, and the quartz monzonite is highly enriched in Rb, Th, U
and K but depleted in Nb, Ta, P and Ti. The Hf isotope composition indicates that all of the ey (#) values
of the Jidetun quartz monzonite range from 4. 02 to 9. 11, with an average of 7. 1. The two-stage Hf model
ages (tpuy) are in the range of 625~950 Ma, which manifests that they were derived from the juvenile
lower crust materials originating from the Neoproterozoic depleted mantle. Based on the geochemical data,
precise isotope ages and regional tectonic evolution, it can be concluded that the formation of the Jidetun

porphyry Mo deposit is closely associated with the subduction of the Paleo-Pacific Plate.

Key words: Jidetun molydenum deposit; SIMS zircon U-Pb dating; geochemistry; Hf isotopes; Lesser

Xing’an-Zhangguangcai Range metallogenic belt





